INTRODUCTION
The need for a simple. adequate and specific assay for staphylococcal enterotoxiii remains acute (Casmail, 195s) even though recently introduced serologic prbcedures offer some hope for a practical test for this tosin (Casman, 1960) . Accordingly, we are investigating the use of tissue culture for this purpose.
Any investigation of staphylococcal enterotoxin is faced with a variety of complicating factors. Of the toxic moieties produced by staphylococci and given orally to rhesus monkeys, only enterotoxin causes vomiting (Bergdoll et nl., 1959) . When achiiinisterecl parenterally, however, not only the enterotosin but occasionally the alpha-and betahemolysins elicit emesis. necessitating the removal or neutralization of hemolysins mken this method of enterotoxin assay is used (Castman, 195s) .
Quantitative differeiices in enterotosin production by different subcultures of the same strain of staphylococcus have been demonstrated ( Sugiyama et nl., 1960) . Worthy of note is the occurrence, in relatively small amounts, of a non-hemolytic heat-labile and dialyzable product of staphy-" This paper was presented before the Laboratory Section of the American Public Health Association at the 89th Annual Meeting in Detroit, Michgan, November 16, 1961. lococcal growth not producing heat-resistant enterotosin hut capalde, after treatment with antialphaand antibeta-hemolysins, of inducing einesis when injected into cats or ingested by monkeys (Casman, 1960) . The frequently ohserved reduction in enterotosicity of culture filtrates after heating may conceivably be due to selective destruction of this material or partial inactivation of the relatively heat-resistant enterotosin (Casman, 1960) .
There have been indications that some enterotoxins are more heat-susceptible than others, and they may also vary in potency. Of some concern is the finding that, using gel-diffusion technique, S6 enterotoxin produced in food materials did not react with antibody to laboratory-produced enterotoxin (Berg-doll, 1960a ). It has been reported (Vicari et al., 1960) The preparations are tlescrihcd by these investigators as follows :
196.E. A crude preparation containing approximately 57" enterotoxin and with a dry weight of lo-90 pg per cat-vomiting dose. This prel>aration contained hoth alpha-and beta-hernolysins, hut in very small amounts. Almost all of the enterotoxigenie staphylococci of food-poisoning origin studied have been found to produce only the 196E serologic type of enterotoxin (Casnlan, 1960) .
PLI8A. A relatively crude preparation cow taining approxin1ately 20% enterotoxin, with little if any beta-hemolysin and only a small amount of alpha-hemolysin.
Six of 6 tnonkeys vomited when orally fed 100 pg of this material, 8 of 12 vomited with 50 pg, and 2 of 12 with 30 pg. As assayed by intravenous injection, the emetic dose was 20-30 ~g, It has been found to contain biologically active substances other than enterotoxin, such as fibrinolysin, apyrase. alpha-hetllolysill, cdagulase, and a hexabarhital hypnosis-potentiating factor. Many of these activities became considerably diminished with subsequent purification.
Of considerable importance to the interpretation of the data obtained in these studies was the statement that further purification of the cnterotoxin effected some loss of toxicity, apparently without other\vise affecting the toxin.
This inactivation appeared to be related to the removal of some material that stabilized the toxin, which points to the desirability of using as few steps as possible in purification (Bergdoll et trl.. 1959 ). f'B9B.
A partially purified preparation front tile PBSA material and containing approximately SOci/, enterotoxin.
Five of 6 monkeys vomited with 25 pg fed orally, and \vith 10 pg injected intravenously. This preparation was reported to he 3-4 times as potent as PBS-A as determined hy monkey feeding tests (Bergdoll, 1960h) . DZ. A highly purified preparation made directly from PBSA by high-speed centrifugatiou and chromatogral~hy containing an estimatetl 95% Or more enterotoxin.
Six-tenths pg. and in some instances 0.1 wg, produced emesis in monkeys 011 intr-aveuous injection.
On a relative hasis, 10 pg of PBS.4 equals the hemolysin activity of 1000 g of D2 (Schantz, 1961) This preparation contained 3% nitrogen, which is ecluivaleut to about 23% protein, the remainder h&g phosphate Imfkr.
The indicated purity of these lxcpdrations should he vic\vetl tvitlr cautiou since purity is tlepentlent largely on the method used for its determination. All of these preparations contained tlemonstrahle hemolysins although the tests indicated that alphahemolysins \I-ere greatly reducetl in the highly purifietl materials. The enterotoxin materials were dissotvetl in sterile tlouble-distilletl water, \vith suhsecluent treatment iu accortlance with the cxuerimental tlesign usetl. Solutions were matle in sterile tlouhle-tlistillcd water just hcfore use since ou prolongetl standing in solution the more highly purifietl preparations undergo changes that result in their precipitation as insoluble material. It seems ptausiizle to assume that at least some of tl:e prcc.ipitdte iormcd is enterotoxin.
The usual tests for sterility gave 170 intlications tliat the solutions lvere contaminated. Since Dr. Bcrgtloll fount1 some apparent loss of toxicit) \vhen solutions are filtered through Millil)ore filter, the l~reparations usetl in this study \vere not filtcretl.
The serial t\vofoltl dilution schetlules usetl were haset on tlry \veight of the enterotoxiu preparation irrespective of estimated enterotoxin content, for reasons that \vitl become apparent later herein. Dilutions ivere matle such that the recluiretl quantity of test substance was present in 1.0 ml of the tissue-culture maintenance medium.
Controls. It is uniortunatc that control preparations derived from nonetrteroto.uigellic staphylococci \\cre not available. Dr. Hergtloll informed us that lie usetl one no~~enterotosigcnic strain (184) carrying-the material only through a partially purifietl stale, i.e., through the first three steps of his procetlurc : acitl precipitation, alumina adsor-ptio:i, antl alcohol precipitation.
i\lq~ro.ximately the same amount of material \vas ohtaiued wit11 this straiu as with the enteroto.uin-l)rotlucill~ strains. \Ve tlo not know if anything \vould have remainetl if the preparation had heen taken through the complete pqificatiou procctlure.
A 11 unseeded stal~hvlococcal-mediunl control would not appear to Ix of concern here siuce Dr Bergdoll was unable to recover anything-hy extraction and concentration under these conditions. Some control preparations lvith noncnterotosigenie staphylococci were made by us with the method of Casmau (1958) . Tests with these materials, even with an excess of six times the largest amount of enterotoxin preparation usetl, had no adverse effects on the cell cultures.
Cell lines. The cell lines used were tissue-culture cell straius H.Ep#2 and HcLa, both derivetl from human carciuomas, arid an elnthetial strain derived from normal human heart cells. These three cell lilies were selected because they gave .the most satisfactory intlication of toxic effect of the five lines tested, w!rich iucludctl human cuhryonic intestinal mucosa (Henle) ant1 mouse suhcutaneous connective tissue cells (LLCMl).
In some of the experiments H.Ep#2 cells were maintained iu Eagle's basal medium (ERM) containing 20% humaii serum or 20% calf serum. HeLa cells were carried in EHM containing 20% calf serum, and the human heart cells in EBM \vith 10% human serum. All media containetl penicillin and streptomycin, respectively 100 units and 100 p,g.
Stock solutions were prepared hy inoculating milk tlilution bottles \\;ith 10" cells in 10 ml of the appropriate medium. The metlium \vas decantetl atit1 replacetl with fresh metlium every thirtl or fourth day. Cells were passaged using O.OOSA/ rersene every 8-12 days. Test cultures were prepared in 16 x 12%mm screwcalqxd tubes as follo\vs :
The cells were removed from the stock bottles with versene, centrifuged, washed in Hanks' halaxed salt solution, and suslrended in growth medium. After counting, the suspcusion was tliluted iu metlium to aplxoximately 6.0 x 10' cells per ml, autl 1.0 ml of suspentletl cells \vas transferret1 to each tube. After the cultures wer-e incuhatetl for three clays they \vere prepared for the tests by relnoving the yro\vth metlium autl \vashiug with Ha&s halanced salt solution. Dilutions of the test preparation in 1.0 ml of the al)proIxiate metlium were then atlded to the tuhe cultures. b\;ith few escepticrrs all tubes were set up in quadruplicate in the tests. SOlllC of tnc experiments lvere contluctetl \vitli Mctlium 199. For these, cells \\;cre lrropagated in Eagle's medium \vith serum whereas the titrations \vei-e performetl \vitli Metlium 1YY.
RESULTS
Early in tliis investigation the metalrolic inhihitioii test \vas used as iutlicator of effect. This rather simple approach tendetl to he sensitive to a Inultitutlc of factors, however. ,givinx rise tc\ erratic and many times inconclusive results. It was determined that cytopatholog-y as ohserved by light microscopy showed a more reproducible effect of the toxic preparations. Cytopathogenic effect. Photon~icrographs of H.Ep#2 cells exposed to the enterotoxic material for 3 days in a perfusion chamber, taken at Eto S-min intervals followed by longer periods toward the end of the exposure period, help characterize the cytopathogenic effects. Thermostability, To determine the heat stahility of the toxin preparations, the cytotoxicity of heated and unheated aqueous solutions' of these materials were compared. The samples were placed in a hailing-water bath for 30 min and then immediately cooled to room temperature.
This procedure is cotunlollly used to inactivate the hemolysins.
H.Ep#2 cells \vere challenged with serial twofold dilutions of each preparation, with the high&t concentration representing 200 pg of preparation per ml of culture' fluid (EBM with 20% human serum). In alt experiments, readings were made at the end of the 4%hour incubation period hecause when the incubation period was extended to i days with a change of medium on the third and fifth days the results were essentially similar. Since in all instances culture controls showed no adverse effects within this interval, any differences shown hy the cultures inoculated with test preparations can he properly attrihuted to the factor(s) or substance(s) under study.
The data (Table 1) indicate that the cytotoxic material in each of the three preparations tested is thcrmolahilc under the conditions of the esperiment. Preparation D2 is more highly purified than PB9B, and PB9B is purer than PB8.4, both D2 and PB9B being made from -the PBS-4 material. A comparison of the cytotoxicity of these three preparations in Table 1 indicates that loss of this activity occurs with purification, the loss of cytotoxicity being most marked bet\\'ecn the PB8.4 and the PB9B preparations.
Effect of serum. Because of the thermolability of the cytotoxic material and its loss with purification of enterotoxin it is questionable that the material producing the cytotoxicity is the enterotoxin. In an attempt to increase the sensitivity of the test so as to detect the thermostable enterotoxin, strum was omitted from the tissuc-culture maintenance medium. H.Ep#2 cells were propagated in EBM containing calf serum, and the toxin titrations were carried out in Medium 199 with and without calf serum. Under these condtions the cytotoxicity of the three enterotoxin preparations of varying degres of purity, heated and unheated, is compared in Table 2 . The more highly purified D2 preparation, because of its limited availability, was tested only in the ahsence of serum.
With PBSA preparation that was not heated, no significant difference in sensitivity is observed in either the presence or absence of serum. However, the heated material of the same preparation exerted a more marked effect in the absence of serum. With the more purified PB9B preparation, not heated, an increased sensitivity of the test in the absence of serum is indicated and a questionable increase in sensitivity is noted with the heated preparation in the absence of serum. An even more marked progressive decrease in cytotoxicity is observed with purification of the toxin preparation when no serum is used in the tissueculture medium than has been shown with serum present.
Comparison of cell lines. Tables 1 and 2 present data obtained from experiments using H.Ep#2 cells. For comparison, Table 3 illustrates the effect of two of the toxin preparations on cell cultures of strain HeLa.
HeLa cells were propagated in EBM with 20% human serum and changed to Medium 199 containing no serum for the test. As with the H.Ep#2 cells the cytotoxic component of the PBSA preparation is thermolabile whereas no toxic effect is noted with the more highly purified material PB9B.
It should be pointed out that results were similar with human heart cells under conditions similar to those described here except that the titration was carried out in the presence of 10% human serum.
Attempted neutralization with enterotoxin "specific" antibody.
Using a serial twofold dilution 12.5 6.3 -schedule based on known antitoxic activity of the serum as tested in monkeys and a minimum cptotosic dose of preparation PBSA, the toxinantitoxin mixtures were incubated 6 hr at 37°C and overnight at 4°C. Cultures were then inoculated, incubated at 37"C, and read at 24, 48, and i2 hr.
Several experiments of this kind failed to show modification of the cytotoxic effect of the PBS.4 preparation by the serum. Several possible explanations may be offered. It is possible that the amount of antiserum used was too small, although concentrations jvere increased with each successive trial.
The antiserum may not have contained antibody against the cytotoxin, which would suggest that the cytotoxin differs from the enterotoxin. =\nother possibility was that the antigenantibody complex dissociated hecause of dilution when added to the culture or because it Ivas unstable in the presence of the tissue-culture cells.
DISCUSSION
The multifactorial nature of the enterotoxin proldeni points to the possil,ili~y that a single factor may be responsible for more than one manifestation or that more than one factor may produce a single effect. In addition it is well laiown that the characterization of a substance may be limited by its sensitivit!; to adverse conditions, i.e., treatment \\:ith an acid, base, or organic solvent ma!; produce a fumdaniental change resulting in a loss of original characteristics such as water solubilit?; or specific biological activity.
On the basis of the reaction to heat the results presented suggest that the cytotoxic conipone~it of the preparations exaniiiied tlitiers froiii the enterotosin. Similarly it appears to he cliniinishecl or lost as purification of the enterotoxin proceeds. The failllre to show neutralization of the cytotoxic princil le by enterotoxill-"specific"
anti-
seruni. though inconclusive, supports the suggestion that the cytotosin and enterotoxin are distinct entities. Based on the results of early experiments indicating that there may he differences in cytotosicity between enterotoxigenic and nonenterotoxigenie strains of staphylococci, the tissueculture system may be of sonie value if the cytotoxin can be shown to be coninion only to enterotosigenic strains. It is nientionecl that strain lY6E enterotoxin preparation exerted a well-defined cytotosic effect on human heart cells when the niaterial was heated although no tests were niade with the sanle preparation not heated. Considering the possible role of the hemolysins in these experiments, the toxicity of all:)ha-helilolysitl to skin cultures has been reported (T,awrence, 19.59). The heat lability of cytotosin implies that sonie, if not all, of the toxic effect might he attributed to a heniolysin-like imaterial in the crude prep aration.
The fact that sotme activity is left after heating and that no clenionstral~le loss on heating occurs when titrated against H.Ep#2 cells in the absence of seruni (Table Z), the possibility remains that an additional therimostal~le toxin is present in the relatively crude preparation. A few preliminary experimental results obtained with fluorescent antibody technique iniply that there is in the toxin preparation an antigenic component that localizes in the cytoplasni of the tissue cells. Thus, if the cytopathogenic effect parallels the amount of niaterial in the cell it would be possible to state that the cytotoxic material has been fixed in the cell. There were indications that this niay be the case. It is planned to repeat the experinient after. attempting to adsorh out the nonspecific reactants froni the antiserum since the enterotoxin prep-ations used were relatively crude.
There is no ready exl~lamtion for the apparent d~fterences between these studies aud those reported in a similar study already cited (Guerin et nl., 1961 
